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With 10 plates and 6 figures in the text 


Summary. The arc spectrum of fluorine, FI, has been investigated in the 
infrared, visible, ultraviolet, and vacuum regions using suitable types of water- 
cooled hollow cathode discharge tubes as light sources. About 370 new lines have 
been identified and 67 new energy levels established. The ns- and nd-series can 
be unambiguously assigned to the components of the limit ?P and they show almost 
perfect Jyl- or pair-coupling. Series of ns- and nd-levels are in excellent agreement 
in fixing the series limits within + 0.1 cm“, giving an ionization potential of 17.418 
volts. The hyperfine structure has been studied with the Fabry-Perot interfero- 
meter and the strongest lines have been interferometrically measured against Ne I 
standards. 
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I. Introduction 


In an earlier investigation (33) the writer added some details to the knowledge 
of the arc spectrum of fluorine. A review of the actual state of the F I analysis was 
also given. In the isoelectronic series F I, Ne I, Na III etc., however, the spectra 
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of several higher members were still much better analysed than F I (7, 56). Like- 
wise, the first spectra of the elements chlorine and bromine in the halogen group — 
were better known than that of fluorine (26, 27). The detailed discussion of the 
Stark effect in F I, observed by the writer (32), also required an improved knowledge 
of the energy level system of FI. Hence the need for a thorough investigation of — 
FI in all available spectral ranges was apparent. 


II. Experimental arrangements 
1. The infrared, visible, and ultraviolet regions 


Light source. The element fluorine was isolated in 1889 by H. Motsson (38, 
39), who also made an attempt to investigate its spectrum in the spark discharge 
at atmospheric pressure. Both this light source and a vacuum-tube discharge at 
low pressures were used in some later investigations by SmyTHE 1921 (53), GALE 
and Monk 1924 (21) and CarraGan 1926 (9). The chemical properties of fluorine 
caused difficulties and PortEezza (45) 1912 studied the vacuum-tube discharge at 
reduced pressure in silicon tetrafluoride, SiF,. DineLe (10) used the same hght 
source 1926. CAMPBELL 1933 (8) was the first to use a Paschen hollow cathode, 
charged with potassiumfluoride, KF, as a light source for the are spectrum of 
fluorine, which he obtained with good intensity and without troublesome chemical 
reactions in the apparatus. The same hollow cathode, charged with lithium fluoride, 
Lif, was then used by Epien 1936 (14). McNatiy, Harrison and Rowe (42) 
1947 developed a special Schiiler-Gollnow hollow cathode light source for the purpose 
of spectro-chemical analysis. Further developments of light sources for research — 
work on FI were published in 1948 (32) in connection with an investigation 
of the Stark effect of F I, which was made in this institute, using a Lo Surdo-Ryde | 
glow discharge with sulphur hexafluoride, SF,, as filling-gas. Further experiments 
were then made with a modified form of a Schiiler-Gollnow hollow cathode discharge 
tube with helium and small amounts of SF, as filling-gas (33). 

After several modifications of the hollow cathode source it was finally found 
possible to obtain a considerably improved intensity of the F I spectrum with the 
discharge tube shown in Fig. 1. The source contained a water-cooled anode, a 
brass-nickel cathode connected to a cooling-flange and partly heat-insulated from 
the water-cooled cathode support, and a Pyrex glass tube securely waxed to both 
the cathode support and the anode. A window of fused quartz, waxed to the anode, 
permitted ght from the cathode to reach the spectrograph and the spectrometer | 
used for visual testing of the discharge. A locally increased cooling of the open 
end of the cathode served to prevent dissociated fluorine from leaving the source 
chamber. The filling-gas, helium or a mixture of helium and neon, was purified 
by continuous circulation through a liquid-air-cooled charcoal trap (Fig. 2). In | 
an electrically heated quartz tube, charged with CuO of analytical purity, traces 
of hydrogen could be removed. 

Power was obtained from a 4000-volt, 1 amp. full wave rectifier, previously 
described (33), with current limiting resistors of 1000 ohms in series with the hollow | 
cathode source. Operating conditions were 0.1—1.0 amp. at 450—250 volts across | 
the tube. 

The F I spectrum was excited very strongly when the filling-gas was continuously 
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Fig. 1. A section through the hollow cathode light source used for excitation of F I. 


supplied with small amounts of SF,. The unavoidable excitation of a large number 
of lines from several other spectra, partly due to the chemical properties of fluorine, 
complicated the identification of the FI lines. A special investigation showed, 
however, that by a certain combination of cathode materials and discharge con- 
ditions a characteristic shape of the F I lines was obtained. After prolonged running 
of the hollow cathode source, charged with Lif, Li remained in the source chamber. 
If now the filling-gas was supplied with SF, in the usual way, the excitation of the 
FI lines showed a very special distribution in the hollow cathode as could be seen 
from the shape of the lines recorded by the stigmatic spectrograph. In this case 
the ends of the FI lines were most intense, due to strong excitation near the Li- 
covered walls ot the chamber, if the current was smaller than 0.3 amp. and the filling- 
gas pressure about 3—5 mm (Plates [V—VI). Convenient and steady operating 
conditions could be maintained and a perfect line spectrum be recorded, free from 
disturbing molecular bands (Plates II—VI). At higher currents the special shape of 
the F I lines disappeared and the intensity of S II increased. Without lithium in 
the nickel-lined source chamber a large number of Nil lines were very strong and 
shaped like the F I lines. Finally, it was found possible to improve the excitation 
-of the FI electron transitions 3p —nd, using the filling-gas mixture 3 mm He+3 
mm Ne. FI and Ne I then showed the same line profile but the separation of Ne I 
caused no difficulties (43). 

Spectrograms were also taken with LiF in the hollow cathode and no SF, in the 
filling-gas. The light source was in this case somewhat unstable and only after 
running for several hours did the molecular bands disappear. The samples of LiF 
might have contained small amounts of LiOH, causing a strong excitation of O I 
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Fig. 2. The gas circulating system. 


and H I; the intensity of the Balmer lines did not decrease in spite of strong heating 
of the CuO tube. It was possible, however, to make several excellent recordings in 
different spectral regions with exposure times up to 10 hours, but the special line 
shape of F I disappeared (Plate V). 


Spectrographs. The spectrograms were obtaimed with three different spectro- 
graphs. In the region 4000—2000 A some plates were taken with the quartz optical 
system of a large automatic spectrograph, Hilger E 478, with a dispersion of 4.8 
A/mm at 3000 A. An older autocollimation glass prism spectrograph was also used 
(32), the Rutherfurd prism train of which was exchanged for a 60° glass prism of 
light flint, transmissible down to 3400 A, and an aluminized plane mirror. The 
objective lens was coated with an antireflecting layer of LiF. With this optica! 
system the dispersion at 3700 A was 5.5 A/mm, but the lines were not perfect due 
to a slight inhomogeneity of the prism. 

Most of the measured spectrograms were obtained with a 21-foot concave grating 
spectrograph in a stigmatic (Wadsworth) mounting. Fig. 3 is a schematic drawing 
of the instrument which was. designed by the author and built in this laboratory 
for the present investigation. The grating, an original Rowland grating with 10 000 
grooves per inch and a ruled surface of 2 x6 inches, was the same used already by 
J. R. RypBere (49). The radius of the grating was 6.434 m and that of the alumin- 
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Fig. 3. The stigmatic grating spectrograph in Wadsworth mounting. 
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ized mirror 6.664 m. The curvature of the plateholder was calculated from a formula 
given by SHENSTONE: 
r = R- cos? B/ (cos 1 + cos B) 


where RP is the radius of the grating and 7 and f the angles of incidence and diffraction. 
After setting the grating normal to a point 10 cm from the centre of the plateholder 
towards the mirror, a central range of 25 cm with excellent stigmatic imaging es 
obtained. It was then possible to use the same plate curvature through the whole 
wave-length region 3500—12 000 A. When all routine adjustments had been made} 
the spectrograph gave excellent definition both in the first and second orders, which 
may be seen from the reproduced spectrogram of the CN band A 4216 (Plate I). The’ 
resolving power came close to the theoretical values 60 000 and 120 000 respectively. 
The slit widths used were calculated from the formula for optimum sht width, 
s=AF/D. In this case F was the distance from grating to plate and D the widta 
of the grating. The dispersion in the first order at 11 000 A and 3800 A is 7.46 aniL 
7.80 A/mm respectively. i 

The spacing of the Rowland ghosts is A/500 in the first order. They caused some 
trouble due to blends in the region 6200—7800 A where F I has many very stron 
lines. In order to obtain reference points on a linear intensity scale the intensity 
ratios of the ghosts and the parent line were measured using a 1 P21 photomultiplier 
tube and the low pressure mercury arc lines 45460 and A 4358 and the D-lines 
AA 5889—95 from a sodium lamp. The stabilized voltage supply? of the multiplier was 
continuously variable from 42 to 100 volts per dynode, giving the ratio 1:700 ef 
intensity response. Using two reflecting galvanometers with different ranges and 
maximum multiplier currents of 1 microampere, a linear intensity range of 1:700 000 
was covered. The measurements showed no definite variation for the different lines 
observed. The mean value of the results are given in Table 1. 


Table 1. 
Intensities of the Rowland ghosts in terms of the intensity of the parent line. 


I+ = ghost on the long wave-length side. 


I— = ghost on the short wave-length side. 

Ghost 1. order 2. order 

no. : = | ; Tighe i a 

I+ I— T+ I- 

1 1/660 | 1/730 1/140 1/150 | 
2 1/5100 1/5000 1/1300 1/1100 
3 1/5000 | 1/4600 1/2200 1/980 

4 1/8300 | 1/6900 1/3600 1/1500 

5 1/18000 1/18000 


At the same time the intensity ratio between the first and second orders was meas: 
ured for the mercury line 25460, and found to be 11:1. 

The whole spectrograph was light- and heat-insulated in a box made of Treetex- 
plates. The temperature in this box was recorded with an accuracy of 0°.02 C 
using two thermistors in connection with a double triode in a balanced bridge and a 


* Constructed at this institute by Fil. kand. L. Stigmark, electronic division. 
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recording milliammeter. The room temperature was thermostatically controlled 
to + 0°.3C. A maximum variation in the temperature of the spectrograph of 
+ 0°.03 C was then recorded. 

In order to avoid blends with lines of higher orders, suitable glass filters from 
Chance Brothers were used in front of the condenser lens. 


Photographic material. Hastman Spectroscopic Plates of different types 
were used for different ranges according to the following scheme. 
a 


| Max. exposure time used 
Range Plate type - 

1. order 2. order 
12000—9900 A IZ hypersensitized with ammonia........... 15 hours — 
10200—9000 | IM » > pub ape bas tice lO — 
9200—6900 IN > » DONDE ee 3 — 
7000-—6300 TOS Ya SN SEAVER Se AD NT Reece heey Sito ene ary Hh Sete ee 2 » 8 hours 
BECO SULO —WNOREKS 5 SOR Cee eae oe Core ce eee nee 3 > 87> 
te OM LO Sat LOSI) co ary eight ems og NS Selo cos B® 8 » 
HVC 2O00M LO SAOMLVOMEE sn ence me cttnlcns © etens a mee ee 3. > Be 


According to KEastman Kopak Company’s catalogue (12) the IN emulsion should 
have a sharp cut off at 8700 A, but in the course of the present investigation it 
became evident that IN was more sensitive than IM up to 9200 A. The 103a-emul- 
sions had a practical limit of resolving power at line separations of 0.020—0.025 mm 
and the [V-emulsions at 0.012—0.015 mm, when developed at 20° C in Kodak D19 
for 4—5 and 2 minutes respectively. 


2. The vacuum ultraviolet 


Light source. The 6 weak FI lines, observed by Bowen (5) and EpL&n (13) 
in the vacuum ultraviolet, were obtained in the course of investigations of the 
spectra of ionized fluorine with vacuum spark sources. Since the first spectra are 
rather weakly excited in this light source, it was decided to use a suitable hollow 
cathode discharge in order to study the F I spectrum in the vacuum region. The 
hollow cathode source, described above, was slightly modified and connected to a 
vacuum spectrograph. Three rectangular diaphragms in the anode tube served to 
prevent particles from the discharge reaching the slit. A shutter was mounted 
close to the diaphragm nearest the slit and operated by means of a sylphon bellows. 
Through the exit tube of the filling-gas and a small hole at the bottom of the source 
chamber the discharge was observed visually in a small spectroscope. The circulating 
fillmg-gas was purified in a charcoal trap. After charging the hollow cathode with 
Lif, excellent excitation of FI was obtained at a helium pressure of 2—4 mm. 
Experiments with small amounts of SF, (less than 0.1 mm in the filling-gas) also 
gave good results, but simultaneously SI and SII were excited fairly strongly. 
The observed decrease of intensity towards shorter wave-lengths must be ascribed 
to increasing absorption in the sulphur hexafluoride. 

Power was obtained from a 2000 volt, 2 amp. smoothed full wave rectifier, the 
output voltage of which was controlled by a variable transformer in the primary 
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circuit. A resistance of 800 ohms was placed in series with the hollow cathode source. | 


Usually 350—250 volts across the tube and a current of 0.3—0.6 amp. were the oper- 
ating conditions for long exposures, but in order to make use of all fluorine from the 
LiF charge, sometimes currents up to 1.5 amp. were used for short periods. When 
running the discharge with SF,, 0.4 amp. and 400 volts across the tube gave the best 
results. 

In order to record Cul and Cu II as reference spectra above 1000 A, the inside 
of the hollow cathode was lined with a copper foil. When the filling-gas was supplied 
with small amounts of SF, and the tube operated at 0.3 amp., 400 volts and helium 


pressure 4 mm, Cul and Cu II were excited fairly strongly, and the foil was partly _ 


melted. The intensity ratio Cul/CuIl was surprisingly higher with SF, in the 
discharge than with pure helium. 


Spectrograph. The work in the vacuum ultraviolet region was carried out with 


a 1.5 m grazing-incidence speculum grating spectrograph, formerly used at Uppsala 


and described by Arvipsson (1). The N.P.L.-grating had 567 grooves/mm and 4 


ruled surface of 32 x 19mm. The dispersion at 1000 A was 4.2 A/mm. The slit width — 
was usually 0.003 mm and the resolving power came close to the theoretical value — 


18 000 (Plate VIII). No grating ghosts could be observed and the spectrograph gave 
intense spectra in the first order and fairly intense spectra in the second order. 
The spectrograph was continuously evacuated by an oil diffusion pump with a speed 
in the spectrograph of 10 1/sec at 10°? mm. Small amounts of the filling-gas leaked 
through the slit into the spectrograph but here the pressure never exceeded 5- 10-3 
mm. Constant operating pressure in the discharge tube was maintained by replacing 
the lost helium gas from the helium container through a needle valve. 


Photographic material. Various photographic emulsions were tested for sen- 


sitivity. Ilford Q2 plates had the greatest speed and were used for recording the 
fainter lines. For high precision measurements on selected lines the fine-grain 


Ilford Q1 plates were used. Q2 was developed for 1—2 min. in Ilford D2, and Q1 | 


for 3—4 min. in Ilford D19 at 18°C. The only available glass plates with these 


emulsions had a thickness of 0.85—0.95 mm, which was really too thick for the | 


curvature of the spectrograph and the plates-often broke into several pieces. Hence 
only a few good spectrograms were obtained with exposure times up to 2 1/, hours. 


3. Interferometric measurements 


Light source. The hyperfine structure of the arc spectrum of fluorine: was in- 
vestigated by CAMPBELL 1933 (8), using a Paschen hollow cathode charged with 
KF. The high temperature in this discharge caused a considerable Doppler-broaden- 


ing. In the present work experiments were made with a water-cooled hollow cathode, — 


using the gaseous sulphur hexafluoride. It is estimated that the Doppler-broadening 
should be only about one third of that obtained by Camppety. The hollow cathode 
discharge tube described above was slightly modified. The inner brass tube (dia- 
meter 15 mm, length 40 mm) of the water-cooled cathode support, was used as 
source chamber. The circulated filling-gas, 3 mm He+1 mm Ne, was supplied with 
SF,. In order to maintain a low temperature in the discharge, only 0.1—0.2 amp. 


was used, 1. e. a current density of 5—10 milliamp/cm?. The voltage across the tube © 


was then 500—600 volts and increased with increasing partial pressure of SF,. 
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Some spectrograms were recorded with exactly the same light source as in Fig. 1, 
in order to obtain the 3p—3d transitions of F I with sufficient intensity. 


Spectral apparatus. A Fabry-Perot interferometer was combined with the 
21-foot stigmatic grating spectrograph, described above. A good achromat (Heliar, 
f == 24 cm, or Tessar, f = 60 cm) was placed at its focal distance from the slit and 
a condenser was used to obtain a parallel beam from the source. The interferometer 
was then inserted between the condenser lens and the achromat. No airtight chamber 
surrounded the interferometer but spectrograms were taken only when the prospects 
ot constant temperature and barometric pressure were good. Constant conditions 
within 1 mm Hg and 0°.1 C were obtainable for exposures up to three hours. 

The interferometer plates were made by the engineer H. A. Het, Charlotten- 
lund, Denmark from fused quartz and were silvered by evaporation in professor 
EK. RasmusseEn’s Laboratory in Copenhagen. A test of-the plates according to Ras- 
MUSSEN’s method (48) showed that the combination was perfect to 4/50 with a single 
local deviation of 2/20. It was possible to separate the mercury isotope lines in 
A 5460 with a 15 mm spacing, indicating a resolving power of about 800000. The 
spacers of invar available were 1, 2, 3, 5, 10, 15, and 25 mm. 

The spectra were taken on Eastman Spectroscopic Plates, type 103aF for the 
visible region and type IN, hypersensitized with ammonia, for the infrared region. 


III. The determination of wave-lengths 


1. The region 12 000—2500 A 


A number of selected spectrograms were measured in a Hilger L 13 comparator. 
Its screw bad a length of 15 cm and a pitch of 1 mm, the micrometer drum had 100 
divisions and a vernier permitted convenient readings to 0.001 mm. Each spectro- 
gram was measured at least twice, and before the second measurement the plate 
was displaced 0.5 mm in order to compensate for the periodic error of the drum, 
the maximum of which was 0.0015 mm. 

Accurate and uniformly distributed reference lines were necessary if reliable 
wave-length values were to be obtained in all parts of the wide range recorded in 
the stigmatic grating spectrograph. It was decided to use only such lines as were 
excited simultaneously and in the same diffraction order as the FI lines to avoid 
any displacements between spectra from different light sources. Because the he- 
lium, used as filling-gas, contained 0.1% neon, a number of interferometric Ne I 
lines were always recorded, especially trom the electron transitions 3s—3p and 
3p—4s in the region 9700—5800 A. In the infrared region above 10 000 A, where 
spectrograms were taken with 50% neon in the filling-gas (Plate II), some Ne I 
lines could be accurately calculated (17) from term values, based on interferometric 
measurements (35). The other NeI lines in this region measured by Mrccamrs 
(34) were then corrected by an amount +0.05 cm™. In the region 5800—4900 A 
some FI and SII lines were measured in the second order on spectrograms taken 
with 50% neon in tbe filling-gas and then used as standards in the first order. 

Below 5000 A the Nil spectrum was excited with moderate intensity. Wave- 
lengths of NiI are given in the “M. I. T. Wavelength Tables” (23) with an accuracy 
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of about 0.005 A. The smooth correction curves obtained from the Ni I lines int | 
dicated an average error less than 0.005 A. Some Li I lines recently measured inter- . 
ferometrically by Muissner, Munpre and STEson (37), were also used as standards | 
(19). Finally, a few sensitive and interferometrically measured lines from ALG 
Ca II, AI and Cul in the range below 4000 A, were used as reference lines on 
spectrograms from all three spectrographs. | 
The Rowland ghosts of some tremendously overexposed He I lines, especially 
the ghosts nos. 2, 3, 4, 5, and 11, were first considered as good standards but were | 
finally discarded since small deviations (0.01—0.02 A) from the calculated positions | 
were discovered. However, the mean value of the wave-lengths for two ghosts with 
equal numbers and opposite sign seemed to give almost exactly the correct value ) 
of the parent line. > 
The measurements on the grating spectrograms were converted to wave-lengths : 
by linear interpolation over appropriate ranges and the final wave-length values | 
were obtained from a correction curve. The prism spectrograms were reduced with . 
a Hartmann formula and a correction curve. 


2. The vacuum region 


The spectrograms obtained with the vacuum spectrograph were measured in. 
the comparator described above. The plateholder [ARvipsson (1)] kept the plate: 
in focus of the microscope throughout the whole range measured. 

Reference lines were obtained from simultaneously excited spectra. When charging 
the hollow cathode with Lik’, the O I spectrum was excited with moderate intensity ° 
in the region 800—1300 A, where accurate wave-lengths have been calculated by 
EDLEN (16) ultimately based on More and Rikkr’s measurement of 2A 1302—06 | 
(41). From 850 to 600 A some lines from CI, CII, OII and Ne II were used as, 
standards but in this region the number of reference lines was rather too small. 
Probably the most accurate standards in the region investigated are the calculated . 
wave-lengths of the Lyman series of hydrogen. It was possible to record simul- 
taneously the strongest fluorine and hydrogen lines both in the first and in the | 
second order with an intensity suitable for precision measurements (Plate VII). | 
The hydrogen lines showed almost the same sharp definition as the fluorine lines. | 
The wave-lengths of the Lyman lines were recalculated using PeNNey’s formula | 
(44), Brren’s value of the Rydberg constant (4) and Betue and Lonamire’s value 
of the fine structure constant (3). The values obtained are systematically 0.002 A 
greater than those calculated by PascHEn (6). The recently discovered shift of the 
1), level in hydrogen-like atoms, however, calls for an additional correction. LAMB 
and RerHERFORD (31) measured this shift accurately for 2s 2S:, and Berar (2) 
gave a theoretical calculation which agreed well with the measured shift, and showed 
that the shitt should be proportional to 1/n3. No exact calculations were published 
for the ground state 1s 2S:,, but Brrue has kindly informed the author that on 
general grounds it was almost certain that the shift of 1s 21), must be precisely | 
8 times the value of 2s 2S:), and that it has now been accurately measured by Lamb | 
and found to be 1062 Mc + 1%. The shifts of np 2P1), 2, Should be quite negligible. 
The Bethe-correction, —0.283 cm, was then applied to the Lyman lines giving 
a correction of +0.004 A to 41215 etc. (Table 2). 
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Table 2. 


Wave-lengths of the Lyman series in hydrogen. 


y= Ry (1—1/n?) + Ry a? (1/4—2/3 n? +3/4n4). Ry =109677.581 em, 1/a=137.041. 
Bethe-correction of 1s 2S, = — 0.283 em. 


eS 


I] ie 
n v Avac | n | v Av ac 

I 
2 82259.433 1215.6702 7 107440.731 930.7482 
3 97492.565 1025.7222 8 107965.322 926.2258 
4 102824.149 972.5369 2) 108324.957 923.1507 
5 | 105291.914 949.7431 | 10 108582.262 920.9631 
6 | 106632.512 937.8028 | 


I I and HI lines in the second order were also measured together with SHEN- 
stone’s calculated Cu II standards (51) in the tirst order (Plate VIIb). A small dis- 
placement of 0.020 A between lines in the first and the second order was observed, 
and its value could be measured precisely especially from the lines Cu II 1944.586 
A and HI, 2 972.537 = 1945.074 A. 

The wave-lengths were calculated with the aid of a dispersion table with the 
interval 1 mm [see for instance FrRNER (20)]. The maximum error thus introduced 
was less than 0.001 A. The final correction was obtained in the usual way from a 
correction curve. 


3. The interferometer spectrograms 


The interferometric recordings were also measured with the Hilger comparator 
L.13, which was not quite convenient, however, for such purposes. When possible, 
at least 4 to 6 ring diameters were determined. The hyperfine structure separations 
were determined according to the rectangular array method [ToLansky (55)] on 
spectrograms taken with 10, 15, and 25 mm spacers. The accuracy of the measured 
intervals was sometimes influenced by unresolved weak components which broadened 
the strong components, especially in the case of transitions between levels with small 
J-values. In general, however, the uncertainty does not exceed 0.002—0.005 cmt. 

The calculation of absolute wave-length values was made with the aid of Ne I? 
standards, excited simultaneously with the FI lines in the region 5700—8900 A. 
The method is described by several authors; see for instance MEISSNER (36). In this 
case several Ne I lines equally distributed in the whole range were measured, and 
the correction to be applied to the F I lines for phase change at reflection and for 
dispersion of air was then obtained from an ordinary correction curve. In general, 
spectrograms obtained with the 10 mm spacer were measured, supplemented by a 
few measurements on 25 mm spacer spectrograms. For F J lines showing separated 
hfs components the centre of gravity was calculated using the theoretical values 
of the relative intensities of the components (57) (Plate IX, X),. 


1 The Cu Il line Avac 2000.339 is erroneously given as Jair 2000.348 in the M. I. 7. Tables. 
2 In the draft report from the I. A. U. Ziirich meeting 1948 Burns’ unpublished values 
of Nel lines above 7059 are given. They have been used in this investigation. 


239 


| 
K. LIDEN, The arc spectrum of fluorine | 
| 


IV. Results 


1. The range 12 000—2500 A 


The wave-lengths measured are given in the first column of Table 5. A total of | 
471 lines in the range 11 557—2967 A are listed as compared with the 85 lines from 
9433—6047 A in EpLin’s paper (14). The non-interferometric wave-lengths are 
weighted means from different plates. 44% of the lines are measured on three or 
more spectrograms, 39% on two and 17% on only one plate. 80% are measured on » 
both LiF and SF, recordings. The 17% is made up of faint lines recorded only on 
the most intense and pure spectrograms. The estimated errors of the wave-lengths 
in different ranges and from different spectrographs are shown in Table 3. 


Table 3. 
Estimated uncertainty of wave-lengths in different spectral regions. 
Grating spectrograph Prism spectrographs 
Region |———__ = a : — 
1. order 2. order glass quartz 

12000—9700 A | + (0.02—0.05) A | 
9700—7000 » as (X01 O03) & 
7000—4000 » » + (0.005—90.010) A 
4000—3500 » » | > i (0.02—0.04) A 
3500—2500 » » + (0.01 —0.02) Aig 


The interferometrically measured wave-lengths are marked with a star in Table 5. 
Most of them are determined from 2 to 3 spectrograms. Energy level differences 
indicate an uncertainty in these wave-lengths in general not exceeding 0.002 A. 
A few other lines obtained from several consistent determinations in the first and 
second orders of the grating spectrograph are also given to three decimal figures. 
Their uncertainty is probably less than 0.010 A. 

In the second column of Table 5 the intensities are given on a linear scale ranging 
from 0.5 to 500 000. The differing sensitivities of the emulsions have been approxi- 


Table 4. 


Intensities of some He I and Ne I lines expressed on the same scale as used for the 
Ff lines in Table 5. 


A Intensity A Intensity 
Hel 10830 15 000 | Hel 7281 70 000 | 
Nel 9665 1 500 Hel 7065 150 000 | 
NeI 8919 2 500 Hel 6678 900 000 | 
Nel 8654 150 000 | Hel 5875 1 000 000 
Ne I 8300 30 000 Hel 5015 | 60 000 
Nel 7943 6 000 Hel 3888 70 000 
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Table dys 


Wave-lengths of FI lines in the region 11557—2967 A. 
ee 


Aaix Intensity eee 1 Ee Yyac. | Identification 
ne dd ARE PIR Bie lipeck 5 SS en ee eee 
11557.17 50 8650.26 3p*D7j,—48 * Ps), 
11544.65 20 8659.65 3p°Ds/,—48P3/, 
11480.22 12 8708.25 3p" D3), —4 8 "P|, 
11473.70 30 8713.19 3p *Ds)p,—4s *Ps/, 
11414.20 15 8758.61 3p *D3/,—48*P), 
10940.37 40) 9137.95 3p” P1),— 3d *D3/, 
10924.81 25 9150.97 3p *P3/.—3d *D5/, 
10883.28 25 9185.89 3p" P3),—3d ‘Ds, 
10862.31 200 9203.62 3p *P3/.—3d "Ds, 
10769.43 40 9283.00 3p *P3/,.—3d *Ds/, 
10592.28 18 9438.25 3p°P1),—3d*P1, 
10588.71 45 9441.43 3p*P1),—3d *P3/, 
10490.21 10 9530.08 3p°P1),—3d*F 3), 
10431.92 12 9583.34 3p" P3/,—-3d*P1/, 
10426.29 60 9588.51 3p*P3/,—3d*F5/, 
10417.29 70 9596.80 3p *P3/,—4.8*P5/, 
10380.84 70 9630.49 3p*P1/,—3d *Ps, 
10332.95 25 9675.13 3p" Ps),—3d*Fs, 
10293.01 35 9712.67 3p 1S'3/,—3d *D5/, 
10287.96 15 9717.44. 3p? S1/.—3d *Ds/, 
10285.45 150 9719.81 3p*Psj,—48 ‘Ps, 
10270.75 40 9733.72 3p4Pi/,—4 8 *P3/, 
10241.98 35 9761.06 3p" Ps),—3d° F's), 
10226.82 30 9775.53 3p°P3),—3d *P3/y 
10222.50 20 9779.66 3p "S1/.—3d *D1/, 
10209.57 40 9792.05 3p*S9/,—3d°Doj, 
10186.15 50 9814.56 3p*S1/.—3d *Da), 
10163.50 30 9836.44 3p *Pa,— 48 ' Ps), 
10087.13 60 9910.91 3p*S83/.—3d *Pi), 
10074.17 10 9923.65 3p*Pij.—4 8 *P1, 
10064.25 40 9933.45 3p St, —3d "Pj, 
10038.03 35 9959.39 3p" Psj.—4 8 ' Ps), 
9970.92 40 10026.41 3p'Pi,— 48 °Pij, 
9905.65 15 10092.48 3p‘*S3/,—3d*P1/, 
9902.65 125 10095.54. 3p S3),—3d Ps), 
9883.58 80 10115.02 3p Si).— 3d *Pi/y 
9822.11 150 10178.32 3p *S9/.— 3d Psy 
9794.80 60 10206.70 3p?S3),— 3d Fs), 
9753.57 15 10249.85 3p *Dsj.—3d*D>)y 
9736.70 90 10267.60 3p? D3/,—3d *D5/, 
9734.34 250 10270.09 3p) S3j.—3d °F), 
9720.57 12 10284.64 3p S%),— 3d *Po/, 
9699.40 70 10307.09 3p>St/.—3d * Po), 
9662.04 125 10346.95 3p Daj. —3d *Ds), 
9574.80 30 10441.22 3p D5). —3d *D7/y 
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Table 5 (cont.). 
ee 


Aair Intensity Gee a e Yyac. Identification 
9552.99 7 10465.06 3p *Ds/,—3d *D5/, 
9552.30 fi 10465.81 3p?Ds/,—3d *P1/, 
9505.30 250 10517.56 3p*Ds/,—3d *D5/, 
9433.67 2000 3.63 E 10597.42 3p Ds), —3d °F 7], 
9389.47 8 10647.31 3p "D3/,—3d *P/, 
9386.75 25 10650.39 3p "D3/,—3d *P3), 
9384.96 400 10652.42 3p?D3/,—3d‘*F5/, 
9314.34 600 4.40 E 10733.19 3p*Ds/,—3d*P5/, 
9262.69 80 10793.04 3p*D1),—3d *D1/, 
9244.57 150 10814.20 3p *Ds/.—3d *D3/, 
9235.38 500 10824.96 3p*Ds/,—3d °F'5/, 
9232.85 60 10827.93 3p*D1/,—3d *D3/, 
9229.40 250 10831.97 3p *D3/,—3d "D5, 
9223.05 60 10839.43 3p °D3/,—3d *P3/, 
9191.65 100 10876.46 3p *Ds/,—3d *D1), 
9178.68 3500 8.68 E 10891.83 3p *Ds/,—3d *F7/, 
9169.76 30 10902.42 3p°Ds/,—3d 4*F5/, 
9162.33 18 10911.26 3p *Ds/,— 3d *D3/, 
9151.78 1800 10923.84 3p ‘Ds/,—3d *Ds/, 
9132.53 14 10946.86 3p*D1/,—3d *P1), 
9122.63 400 10958.74 3p Ds), —3d *Ds/, 
9107.87 100 10976.51 3p*Ds/,—3d D5), 
9102.33 500 10983.18 3p "Ds/,—3d ‘Ps, 
9097.49 35 10989.03 3p? Ds/,—3d*F3/, 
9042.10 4000 2.11 E 11056.35 3p *Ds),—3d2F 7], 
9025.49 3500 5.49 E 11076.69 3p ‘Dzj,—3d *D7/, 
9015.19 7 11089.35 3p?Ds/,—3d*P3/, 
9006.19 500 11100.43 3p *D7/,—3d *D5/, 
8983.65 35 11128.28 3p*D1/,—3d Pi, 
8981.18 125 11131.34 3p*D1),— 3d *Ps/, 
8963.66 40 11153.10 3p ‘D7/.—3d *D5/, 
8936.61 7 11186.86 38° Ps/,—3p'Ps/, 
8916.89 20 11211.60 3p *Ds),—3d?P1/, 
8914.43 70 11214.69 3p*Ds),—3d *P3/, 
8912.78 3000 2.78 E 11216.77 3p‘Ds;,—3d‘Fs/, 
8910.27 1400 0.24 E 11219.93 3p‘D1/,—3d*F3/, 
8900.92 10000 0.92 EB 11231.72 3p‘D7),—3d*F%/, 
8899.92 600 11232.97 3p ‘D7/,—3d?F7/, 
8849.06 700 9.07 E 11297.53 3p *D3/,—3d *Ps/, 

*8844.502 1200 4.50 E 11303.358 3p *D3/,—3d*F3/, 
*8831.232 1000 igual 11320.343 3p‘D1),—3d*P3/, 
*8807.582 9000 7.59 E 11350.740 3p*Ds),—3d*F7/, 
8799.36 700 9.37 E 11361.35 3p ‘*Ds,—3d‘Fs), 
8792.50 350 11370.21 (‘D) 3p?F7/,—(*D) 3d?G@o), 
8785.63 140 11379.10 (‘D) 3p?Fs/,—(1D) 3d?Gi/, 
8777.73 1200 7.15 E 11389.34 3p*D3/,—3d7F5), 
8766.61 100 11403.79 3p *Ds/,—3d *P3), 
*8737.270 1400 7.28 E 11442.083 3p ‘Ds/,—3d*Ps/, 
8732.80 60 11447.94 3p*Ds/,—3d*F 31, 
8672.62 350 11527.38 3p ‘Dz, —3d‘*F 7], 
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Aair Intensity ew = :s Pyac. Identification 
8667.71 10 11533.91 3p*D5/,—3d F's), 
8664.63 60 11588.01 3p4D7/,—3d'F5/, 
8656.93 8 11548.27 3p *Ds/,—3d *P3/, 
8612.58 60 11607.73 
8606.06 60 11616.53 
8604.47 14 11618.67 3p*D1/,—3d*P5/, 
8579.81 12 11652.07 
8537.04 70 11710.45 3p*Di/j,.—3d7F 5), 

*8345.556 1200 5.57 E 11979.137 3p*P1/,—3d*Ds), 
8302.40 6000 2.40 E 12041.40 3p*P1),—3d *D1), 
*8298.581 20000 8.59 E 12046.946 3p *Ps/,—3d*D5), 
8278.44 20 12076.25 3p *P1),—3d D3), 
*8274.615 15000 4.62 E 12081.839 3p *Ps/,—3d*Ds/, 
8262.49 120 2.48 E 12099.56 3p*Ps/,—3d *D5/, 
8232.19 5000 2.18 E 12144.10 3p'Ps/,—3d *Di), 
*8230.773 30000 0.77 E 12146.194 3p ‘*Ps/,—3d D1), 
*8214.726 25000 4.72 E 12169.919 3p*Ps/,—3d*Ds/, 
*8208.634 3500 8.63 E 12178.951 3p*P3/,—3d*D3/, | 
*8197.734 600 7.74 E 12195.144 3p*P1/,—3d * Pi, 
*8191.241 3000 1.24 E 12204.811 3p*Ps/,—3d *D3/y 
*8179.339 6000 9.34 E 12222.571 3p *P5/,—3d "D5/, 
8159.51 3000 9.52 E 12252.27 38? P1/,—3p*D3/, 
8129.26 6000 9.27 E 12297.86 3p1P3s),—3d*P1/, 
8126.56 3500 6.56 E 12301.95 3p*Ps/,—3d *D3/, 
*8077.521 3500 7.53 E 12376.637 3p*P1),—3d*P1', 
*8075.519 9000 5.52 E 12379.706 3p*P1).—3d*P3/, 
*8040.931 10000 0.94 E 12432.957 33 °Ps/,—3p*D5/, 
8018.12 80 8.10 E 12468.33 3p*P1,—3d*F 3), 
8011.05 50 12479.33 3p ‘*Ps/,—3d Pi, 
8010.66 40 12479.94 

8009.05 1, 12482.45 3p*P3/,—3d*P3/, 
8007.79 150 Tou 18 12484,41 3p*P3/),—3d‘*F5/, 
7978.96 50 12529.51 

7977.26 30 12532.19 : f 
7956.32 3000 6.31 E 12565.17 3p ‘*Ps/,—3d *P5/, 
7954.09 600 4.08 E 12568.70 3p Pi,—3d* Po, 
7952.66 18 12570.96 Bp Ps), — 3d °F), 
7948.52 400 8.52 E 12577.50 38 *Ps),.— 3p‘ D4), 
*7936.314 3500 | 6.32 E 12596.847 Bp'Ps).— 3d 1F/, 
7930.93 2200 0.94 E 12605.40 3p *Ps/.—-3d *P3/p 
7929.65 40 12607.44 3p iPr, 3d "Po/, 
*7898.588 5000 8.59 E 12657.013 3p Po,—3d Peis 
7889.62 80 12671.40 3p *P3/,—3d * Ps), 
7879.18 3000 9.19 E 12688.19 3p iPsj.— 3d Pele 
7875.56 80 12694.02 3p Ps/,— 3d °F), 
7822.59 800 2.61 E 12779.98 3p‘*Ps),—3d°F5), 
7820.7 60 12782.92 

iis 100 12794.42 Sp Ps, 3d Ps), 
*7800.212 150000 0.22.5 12816.643 36 Fi}, 3p" Dry 
*7754.696 180000 4.70 E 12891.869 38 ?Ps),—3p"D5/. 
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Aair | Intensity aed ¥ ‘ Yyac. Identification 
SEE ee i eM eo 

*7607.170 70000 WN ep 15; 13141.881 3.8°P3/,—3p"D3/, 

*7573.384 50000 Bul) 18) 13200.508 384P1/.—3p'4Ps/, 

*7552.235 50000 2.24 5 13237.475 38°Ps/.—3p'*Ps/, 

*7514.919 9000 4.93 E 13303.205 384P1/.—3p'P1/, 

*7489.155 25000 9.14 E 13348.971 38°P1),—3p7S1/, 

*7482.723 22000 PPA TBs 13360.446 38*P3.—3p'Ps), 

7476.54 700 6.54 EB 13371.49 3.87P1/,—3p1S83/, 
*7425.645 40000 5.64 EB 13463.141 38*P3,—3p ‘Pu, 

*7398.688 100000 8.68 E 13512.199 33 *Ps/,—3p*Ps/, 

*7331.957 50000 1.95 E 13635.173 3.8 4Ps/,—3p'Ps/, . 
7319.33 60 13658.70 3p°P3j,—5 s*Ps), 

*7314.303 7000 4.31 E 13668.083 (7D) 38°D3.—(1D) 3p?Fs/, 
7313.77 400 3.74 E 13669.08 (*D) 38°Ds,—(1D) 3p? Fs), 

*7311.019 150000 1.02 E 13674.223 38° Ps),—3p* S81), 

*7309.033 | 10000 9.03 E 13677.938 (*D) 3. 8?Dsj,—(2D) 3p? F1/, 
7298.98 1500 9.00 E 13696.78 38?P3),—3p*S3/, 
7240.12 20 13808.13 3p*P3),—5 s *Psy, 

*7202.360 150000 2.37 E 13880.519 38°P1/),—3p"Ps), 

*7127.890 300000 7.88 E 14025.537 38°P1),—3p*P1/, 
7109.61 30 9.63 L 14061.59 3p" P3),—5 s*P3/, 

*7037.469 450000 7.45, 6 14205.744 38°P3/,—3p"Ps/, | 
6997.71 8 Woe, Tb; 14286.46 3p°P3/,.—5 8" Pr, 
6982.69 12 14317.19 3p*S3/.—5 s*Ps/, 

6971.71 10 14339.73 3p" S1/,—5 s*Ps), | 
*6966.349 40000 6.35 E 14350.770 38°P3/,—3p*P1, y 
*6909.816 60000 9.82 E 14468.181 3.8 *P1),—3p‘Ds/, 

*6902.475 150000 2.46 E 14483.569 38 4P3/,—3p*Ds), 

*6870.215 80000 0.22 E 14551.578 38*P1/.—3p ‘Di, 

*6856.030 500000 6.02 E 14581.684 384Ps/.—3p4Dz/, 

6837.74 50 14620.69 3p*Ps/,—4d *Ds), 

*6834.264 | 90000 4.26 EB 14628.124 38 *P3/,—3p4Ds), 

6825.56 150 14646.77 3p *Ps/,— 4d *Ds/, 

6811.67 12 14676.64 3p°Ps/,—4d D1), 

6806.85 100 14687.04 3p°Ps/,—4d *Ds), 

*6795.528 15000 Ay 1B: 14711.507 36 *Paj.—3p'Di), 

*6773.984 70000 3.97 E 14758.296 3.8*P5),—3p*Ds), 

*6767.007 500 6.97 B 14773.512 (*D) 38 *Dsj,—(1D) 3p °*Ds), 
6766.54 50 14774.53 (‘D) 3.8? Ds),— (1D) 3p D3), 
6763.325 50 14781.55 (‘D) 3.8 *Dsj,—(1D) 3p?Ds), 

*6762.934 700 2.89 EB 14782.409 (*D) 3.8 *.Ds;,—(1D) 3p" Ds), 
6741.90 12 14828.53 3p°P1/,.—4d*Pi), 

6737.76 60 14837.64 3p" P1),—4d 4 Ps), 

*6708.282 4000 8.27 E 14902.840 38 °Ps/,—3p4Ds/ 

*6690.481 18000 9.47 E 14942.491 38 *Ps,—3p"Ds), 

6667.00 70 14995,12 3p*Ps),—4d 4 Fs), 

6660.62 120 15009.48 3p*P1/,—4d * Poy, 

6651.97 5 15029.00 3p *Py,— 4a “Pe 
*6650.405 4000 0.39 E 15032.535 38 ‘P1/,.—3p"Ds/, 

6649.51 60 15034.56 3p*P3/,—4d ‘4 Fs), 

6611.04 | 50 15122.04 3p*Ds/,—5 8 *Ps/, 
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ree 


Aaix Intensity. | TNT E vvae. Tdentification 
oe 

6609.55 25 15125.45 3p *D3/,—5 s*P3/, 
6607.73 25 15129.62 3p1*S3/,—4d *Ds), 
6604.86 6 15136.18 3p*D3/.—5 s*Piy, 
6599.725 60 15147.97 3p"P3/,— 4d 7Fs/, 
6596.90 8 15154.46 3p" P3/,—4d *P3/, 
6596.35 80 15155.72 3p*S3/.—4d *D5/, 
6589.21 40 15172.13 3p? S1/,—4d *D3/, 
6583.36 20 15185.62 3p*S3/,—4d*Dy, 
*6580.389 3000 0.38 E 15192.482 3.8*P3/,—3p"Ds), 
6578.871 120 8.85 L 15195.99 3p Ss), —4d *Ds/, 
6573.61 50 15208.15 3p? S1/,>—4d *D1), 
*6569.694 4500 9.69 E 15217.214 38*Ps),—3p"D5/, 
6569.14 70 15218.50 3p?S1/,—4d *Ds/, 
6563.59 70 15231037) 3p*83/,—4d*P1, 
6553.93 60 15253.82 3p783/,—4d*P1, 
6512.71 120 Dao) le 15350.36 3p *D3/,—58*P1/, 
6511.61 4 15352.95 3p*D1/,—5 s*P3/, 
6502.08 180 2.09 L 15375.45 3p*Ds/,—5 8" P3/, 
6478.45 80 8.45 L 15431.53 3.p4D5/.—5 s *P35/, 
6476.39 70 6.40 L 15436.44 3p'Ds/,—5 8 *Ps/, 
6463.50 700 3.52 EB 15467.24 3.8*Ps/.—3p"D3/, 
6457.06 8 15482.64. 3p'Ss/,—4d * Pi), 
6453.32 100 3.34 L 15491.63 3p‘Ss/,—4d*P3/, 
6448.14 6 15504.07 3p4S3/),—4d 4 Fs), 
6447.69 60 7.78 L 15505.15 3p? S1),—4d *P1/, 
6434.11 150 4.13) 15537.88 3p1S8s/,—4d*P35/, 
6431.73 2 15543.62 3p4S3),—4d*F3/, 
6422.87 25 15565.07 3s4P1),—3p7S81/, 
6422.43 70 15566.14 3p7S1/,—4d* Fs), 
6416.31 180 6.34 L 15580.98 3p*D5/,—5 s*P3/, 
*6413.651 80000 3.66 E 15587.444 3s1P1/,—3p'*S3/, 
6405.171 600 517 15608.08 3p*Dij,—5 8*P5/, 
6385.17 100 15656.97 3p1Ss3/,—4d Fs, 
6373.33 20 15686.06 3p*81),—4d *P3/, 
6371.77 20 15689.90 3p*D3/,—5s*P3/, 
6367.43 100 TAS ele 15700.59 3p*Drj.—5 8" Ps), 
6365.84 8 15704.52 3p>Daj,—4d Da). 
6363.34 80 3.33 L 15710.68 3p °Dsj.—4d *Do), 
*6348.508 100000 8.50 E 15747.388 381P3),—3p*S3/, 
6314.74 8 15831.60 3p*D1),--58"P4/, 
6313.61 30 15834.42 3p \Ds/.—58* Ps), 
6279.028 90 9.07 L 15921.64 3p *Dsj,— 4d Dr), 
6273.94 2 15934.55 3p »Dsj,— 4d Db). 
6263.696 180 Bee 15960.61 3p °Ds),— 4d * Ds), 
*6254.690 800 4.70 L 15983.591 3p7Ds|,—4d °F7], 
*6239.651 130000 9.64 E 16022.115 3 5*Ps),— 3p 183). 
6230.11 30 16046.64 3p Ds).—4d *Ps/, 
6225.356 180 5.39 L 16058.90 3p Dr, — 4d" Fs), 
6212.249 180 2.28 L 16092.78 3p *Ds/.—4d Psa 
6210.87 4000 0.83 E 16096.36 354P1/,—3p*P3/, 
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| 
Aair 


6166.628 
6164.136 
6155.359 
6152.55 
6149.76 


6145.029 
6134.52 
*6133.220 
6131.43 
6129.93 


6127.49 
6117.222 
6115.08 
6098.34 
6090.902 


6088.61 
*6080.113 
6052.19 
6048.80 
6047.54 


6038.944 
6038.04 
6033.34 
6029.95 
6021.91 


6018.47 
*6015.828 
6014.03 
6001.78 

5999.753 


5994.425 
5986.635 
5984.94 
5969.056 
5965.28 


5962.166 
5959.187 
5956.87 

5950.147 
5941.179 


5940.697 
5937.56 
5931.39 
5927.60 
5903.06 


5891.74 
5853.06 
5827.48 
5818.34 
5807.47 


Intensity 


250 
15 


9.73 


3.24 


8.37 


0.10 


7.53 


8.97 
8.04 
3.36 
Oy 


5.85 
4.03 
1.80 
9.76 


4.44 
6.64 
4.90 


5.29 


9.20 


Peer 


Se eal al sl atten teal en 


Ie 


0.13 L 


Vvac. 


16211.84 
16218.40 
16241.52 
16248.93 
16256.32 


16268.82 
16296.68 
16300.148 
16304.89 
16308.89 


16315.38 
16342.77 
16348.49 
16393.37 
16413.40 


16419.57 
16442.521 
16518.38 
16527.64 
16531.09 


16554.61 
16557.10 
16569.99 
16579.32 
16601.43 


16610.93 
16618.224 
16623.19 
16657.12 
16662.75 


16677.56 
16699.26 
16704.00 
16748.44 
16759.04 


16767.79 
16776.18 
16782.70 
16801.66 
16827.03 


16828.39 
16837.28 
16854.78 
16865.58 
16935.69 


16968.23 
17080.37 
17155.33 
17182.28 
17214.44 


Identification 


3p *Ds|,—4d °F), 
3p"Ds/,—4d* Ps), 
38'P1,—3p"P3/. 
3p4*Ds/,—4d*D35/, 
3.84Ps/.—3p"P2), 


3p'D3),—4d*D3/, 
3p"Ds/,—4d *P3/p 
3p"Ds),—4d 4*F7/y 
3p*Ds/,.—4d * D1), 
3p" Ds), —4d*F5/p 


3p*Ds/,— 4d *D3/, 
3p *Ds),—4d*P5/p 
3p"Ds),—4d*F3/, 
3p*Ds/,—4d “D>, 
3p *Ds/,—4d *D3/, 


3p*Ds/,—4d *D5/, 
3p*Ds/,—4d °F 7], 
3p*Di).— 4d *P1/, 
3p*D1),—4d *P3/, 
3s4Ps/.—3p°P3/, 


3p*Ps),—5s*Ps/, 
3p*D7),—4d *D7/, 
3p*Di/,.—4d * D5), 
3p*D1),—4d *F3}, 
3p*Pi,—5 8 *P3), 


3p4Ds/,—4d*Ps/, 
3p*Di/.—4d* Fo), 
BY) *D3/.— 4d 4 Fs), 
3p*D3/,—4d*P35/, 
3p‘Ds,—4d*F3/, 


3p*P5/,—58*P5/, 
3p*D1),.—4d *P3/, 
3p*P3/,—5s8*P3/, 
3p"Ps/,—6 8 *P3/, 
3p*Ds),—4d*F 7), 
3p *Ds),— 4d 4 F5/, 
3p*Ds),—4d* Fs), 
3p *D3/,—4d7P3/, 
3p ‘*Ds/,—4d4*P3/, 
3p*Ps/,—5 8 *Ps/, 


(‘D) 3p?F7/,.---(D) 4d ?G/, 
(*D) 3p °Fs/.—(*D) 4d Gr), 


3p‘*P1),—58*P3/, 
3p*P1,—5 8" Pj, 
3p*D7/,—4d*F7/, 


3p*Pajp—5s'Pr}, 
3p*P5/,—5 s* Psi, 
3p*Ps/,—5d °D5/, 
3p*P3/,.—5 8" Pi, 
3p*P3/,—68"P1), 
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Aair Intensity ae We 2 Vyae. Identification 
Ieee a a a es Pe 
5793.05 1 17257.29 3p*S3/,—6 8 *P3/, 
5785.45 5 17279.97 3p7S1/.—6 8 *P3/, 
5754.37 2 17373.30 3p°P1),—5d *F3/, 
5734.39 30 4.40 L 17433.82 3p*P1),—4d *Ds/, 
5722.59 60 2.59 I 17469.76 3p *Pi/,—4d*Di1/, 
5719.16 15 17480.25 3p*P1,.—4d "D3, 
5713.34 4 17498.06 3p? P3),—5d*F'%5), 
5710.69 3 17506.18 3p°P1/,—5d*P3/, 
5707.62 20 17515.59 3p4*P1),—4d*P1, 
5707.31 250 Teoou le 17516.55 3p *P3/,—4d *Ds5/, 
5700.82 250 0.84 L 17536.47 3p *Ps/,—4d *D3/, 
5692.81 1.5 17561.15 3p? S1/,—68 "Psi, 
5690.81 2 17567.32 3p*S3/,.—6 8 *P/, 
5689.14 180 9.18 L 17572.47 3p*P3/,—4d *Di, 
5685.74 80 5.77 L 17582.99 3p*P3/,—4d *D3/, 
5674.39 80 17618.17 3p*P3/,—4d *P1), 
5671.668 900 1.69 L 17626.62 3p*Ps/.—4d*Di/, 
5667.532 400 7.55 L 17639.48 3p‘*Ps/,—4d *Ds5/, 
5664.00 2 17650.49 3p‘ S3/,—5d *Ds/, 
5661.106 70 WA Te, 17659.50 3p*Ps),—4d*D3/, 
5659.15 150 Ou5 17665.61 3p‘Ps),—4d *D5/, 
5653.052 1 17684.66 3p*S1/,—5d* Ds), 
5652.601 5 17686.07 3p*S3/,—5d *D3/, 
5649.26 2 17696.55 3p*Ss/,—5d*P1, 
5646.254 80 Gey 1b 17705.96 3p*Ps/,—4d *D3/, 
5645.44 2 17708.50 3p *S1/.—5d *D3/, 
5642.11 4 17718.96 3p *S1).—5d “Pr/, 
5626.93 120 6.94 L 17766.76 3p'*P1),—4d Pi), 
5624.06 200 4.06 L 17775.84 3p \Prjp—4d*Po), 
5612.55 1 17812.30 3p*Ds/,—6 8 *P3/, 
5607.66 5 17827.82 3p iPr).—4d “Pe, 
5591.734 10 176k 17878.59 3p iPoj,— 4d" Po), 
5587.888 12 7.90 L 17890.89 3p iPr, 4d" Po), 
5577.33 100 US ib 17924.77 3p iPsj.—4d"P/, 
5570.216 25 O21 ib 17947.65 3p*P1),—4d*P3/, 
5554.33 2 17998.99 3p 1S2),.— 5d 'P 4, 
5553.53 7 18001.57 3p'Psj,—4d 1 Po), 
5552.43 120 2.43 L 18005.14 3p iPoj.— 4d IF), 
5549.70 1.5 18014.00 3p Psj.— 4d °F), 
5549.449 1.5 18014.82 3p? S1,—5d "Pj, 
5546.74. 7 18023.61 3p tSe/.— 5d "Po, 
5540.52 180 0.52 L 18043.83 3piPo,— 4d * Fs), 
5539.33 60 9.30 L 18047.74. ap eo 
1/,— ov 

5538.61 5 8.53 L 18050.07 \3p4Py,—4d*Py, 
5537.57 1 18053.45 3p'Ps/,—4d*F3/, 
5534.862 18 18062.29 3p °Dsj,—6 8° Pj. 
5525.37 0.5 18093.32 3p Daj. 6s Ps). 
5516.55 1.5 18122.25 3p *Ds/.- 65 °Pi/, 
5506.15 2 18156.47 Spt Ss.—5d °F s), 
5503.02 4 18166.81 3p Ps/,—4d “F'5/, 
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Table 5 (cont.). 
en 


Aair Intensity Pa oe = Vyac. Identification 
5487.18 3 18219.25 3p *Ds).—5d *Dii, 
5477.56 3 18251.25 3p *Dsj.—5d Ps 
5469.491 4 18278.17 3p°Dsj.—6 8 Pj, 
5467.35 1 18285.34 3p*Ps,—78 Po, 
5450.05 10 18343.37 3p *Ds/,—6 8 *P3/, 
5440.154 3 18376.74 3p 'Dsj.—6 8 "Pj. 
5421.55 4 18439.80 3p1Ds/.—6 s *P5/, 
5419.173 4 18447.89 3p *D5/_— 5d “D1), 
5.412.900 6 18469.26 3p "D5/,— 5d “D5, 
5410.15 40 18478.66 3p °D5/,.—5d °F 7]. 
5397.718 10 18521.21 3p ‘*Ds),—6 8 *P3/, 
5388.15 1 18554.11 3p °Ds/,— 5d *P3/, 
5385.88 6 18561.94 3p *Ds),— 5d *F5/, 
5381.03 8 18578.65 3p7Ds),— 5d *P5/, 
5373.87 3 18603.40 3p*D1/,—6 s *P1), 
5370.10 50 18616.45 3p4D7/.—6 8 *P5/, 
5358.16 3 18657.96 3p *Ds/,—6 s *P3/, 
5349.90 4 18686.77 3p 4D3/,—6 8 *P1/, 
5342.80 10 18711.58 3p?D3/,—5d > F5/, 
5329.17 1 18759.44. 3p*Di/,—6 8 *Pi/y 
5326.24 1.5 18769.76 3p *Ds/,— 5d *Ds), 
5322.95 1.5 18781.36 3p *D3/,— 5d *D3/, 
5322.25 1.5 18783.86 3p *D3/,— 5d *Ds/, 
5316.98 5 18802.46 3p*Ds/,—6 s *P3/, 
5315.97 30 18806.04 3p"Ds/,—5d*F7/, 
5309.61 2 18828.54 3p"Ds/,— 5d 4P5/, 
5287.56 1 18907.07 3p*Ds/,—-5d *D7/z 

| 5285.57 8 18914.18 3p*Ds/.—5d *Ds/, 
5282.33 15 18925.81 3p *Ds/,— 5d *D3/, 
5279.01 120 18937.70 3p*Ds;,—5d*F 7, 
5252.08 1 19034.79 3p*D1/,—5d *P3/, 
5244.28 8 19063.09 3p *D1/,—5d *F3/, 
5238.69 30 19083.46 3p*D7/,—5d*D2/, 
5236.67 2 19090.81 3p *Di/,.—5d*D5/, 
5230.41 150 19113.65 3p*D7/,—5d* Fo), 
5226.96 30 19126.27 3p*D3/,—5d‘*F5), 
5222.39 3 19142.99 3p*Ds/,—5d *Ps), 
5221.42 5 19146.56 3p *D3/,—5d *F3/, 
5207.96 10 19196.03 3p *D1/,—5d *P3/, 
5189.27 40 19265.18 3p*Ds).—5d*F 7, 
5186.41 8 19275.82 3p‘Ds/,.—5d 7F's), 
5185.45 0.5 19279.39 3p*D3/,—5d "Ps, 
5183.27 4 19287.47 3p*Ds/,—5d*P5), 
5166.71 1 19349.29 3p*Ds/,—784Ps/, 
5115.81 2 19541.82 3p *P1),—6 8 *Ps/, 
5110.269 12 19563.01 3p*P3/,—-6 8 *Ps/, 
5100.86 4 19599.09 3p*Ds/,—78*Ps/, 
5078.352 30 19685.95 3p*Ps),—6s*Ps), 
5043.28 4 19822.84 3p*P1/,—6 s*P3/, 
5040.69 6 19833.06 3p*Ds/,—6d 7F7/, 
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Table 5 (cont.). 


air |“ Intensity eae me - Pac, | Identification 
| a ee eee ee ee ae 

4989.31 18 20037.29 3p *P3/,—5d*D5/, 
4986.43 25 20048.86 3p*Ps/,—5d*Ds/, 

{3p*Ds/,—6d 7's), 
4981.54 15 20068.55 \3p*Po,—5d 4Duy, 
4980.45 8 20072.92 3p*P3/,— 5d *Ds/, 
4977.85 2 20083.41 3p *Ps/,—5d *P1, 
4960.65 60 20153.04 3p*Ps/,—5d *D7/, 
4958.85 30 20160.33 3p*Ps)/,—5d* Ds, 
4957.41 3 20166.20 3p"Ds),—6d*F7/, 
4956.01 10 20171.91 3p*Ps/,—5d *D3/, 
4955.41 15 20174.37 3p*Ps)/,—5d "D5, 
4952.20 25 20187.43 3p*Di),—7 8 * Po), 
4950.16 12 20195.73 3p*Ps/.—5d *Ds/, 
4930.45 12 20276.46 3p*P1),—5d *P1/, 
4929.77 1.5 20279.28 3p ‘*Ds/,—6d *D35/, 
4928.83 18 20283.15 3p *P1/,—5d *Ps/, 
4926.67 8 20292.04 3p'Ds/,-- 6d °F 7/, 
4904.02 1 20385.76 3p *P3/,— 5d *P3/, 
4898.06 12 20410.56 3p *P3/.—5d*P5/, 
4889.95 2 20444.42 3p*P1/,—5d *P3}, 
4888.37 8 20451.03 3p*D7),—6d *D7/, 
4884.25 25 20468.27 3p‘D7/,—6d‘*F/, 
4880.46 6 20484.16 3p *Ds),—6d * Fs) 
4874.02 15 20511.25 3p‘*Ps),—5d*F7/, 
4868.69 5 20533.69 3p‘Ps),—5d *P5/, 
4866.33 20 20543.67 3p‘Ps3/,—5d*F 5), 
4847.13 5 20625.00 3p*Ds/.— 6d *F 7}, 
4845.28 1 20632.89 3p*D3,—6d *F5/, 
4736.23 1 21107.96 3p*Ds),—7d7F 7), 
4735.70 2 21110.33 3p Dijp—8 8 'P s/s 
4730.40 4 21133.97 3p'Ps,,—78*P5/, 
4703.06 10 21256.80 3p*Ps),—7 8" Po), 
4697.00 6 21284.23 3p*Dij,—7d*F 5). 
4671.13 4 21402.13 3p*P3/,—6d *D5/, 
4645.42 20 21520.59 3p \Pr/.—6d'D'), 
4644.43 10 21525.16 3p ‘P5/.—6d *D5/, 
4642.94 2 21532.05 3p \Ps/.—6d “Ds, 
4642.65 3 21533.43 3p*Ps),—6d Del, 
4640.20 2 21544.80 3p 1 Psj,— 6d “De, 
4618.90 4 21644.13 3p Pij,— 6d ' Ps), 
4594.05 3 21761.23 3p*P3/.—6d *P5/, 
4583.03 2 21813.54 3p iDi/,—8d *F}y 
4564.83 6 21900.50 3p *Ps/.— 6d °F), 
4018.812 4 24875.97 35 °Psj.—4p 1 Pr), 
3992.210 20 25041.73 3 8°Po,— 4p (Ds), 
3966.14. 15 25206.31 38° Psj,—4p *D3/, 
3953.799 20 25285.00 35 °Ps),—4p°D>), 
3948.563 50 25318.53 38° P1),—4p "Ps. 
3934.262 50 25410.56 38° Ps),— 4p °D>/s 
3933.11 30 25418.03 35°P%,— 4p" St), 
3930.689 80 25433.66 Sis gp — 4 pa bale 
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Table 5 (cont.). 
eee 


Jair Intensity | peer Vyac. Identification 
ee eo ee 
3898.478 50 25643.79 367P3j,—4p Pa, 
3880.99 3 25759.31 36° Psp Ap. Pils 
3712.733 8 26926.70 38 4P3),—4p*P1/, 
3705.93 | 15 26976.15 33 °Ps),—4p*P5/, 
3691.859 20 27078.95 354*Ps/,—4p*P3/, 
3690.018 40 27092.45 35*Ps),—4p*D5), 
3689.40 12 27096.96 354P1/,—4p*D3/, 
3672.85 25 27219.10 38*P1/,—4p*D1), 
3668.174 120 27253.79 38 4Ps,—4p*D7/, 
3667.757 40 27256.89 384P3),—4p*D3/, 
3661.793 | 30 27301.28 384P1/,—4p "D3, 
3660.796 4 27308.71 38*P1,—4p" S81), 
3657.187 30 27335.66 384Ps),—4p"D5/, 
3652.982 15 27367.13 3s‘Ps),—4p*Ds5), 
3651.41 4 27378.89 384P3/,—4p*D1), 
3651.174 20 27380.68 38*P1/,,—4p'*S3/, 
3630.776 15 27534.50 384P1',—4p°P3/, | 
36 29.963 40 27540.67 3.s4P3/,—4p*S3/, 
3620.789 12 27610.45 384Ps/,—4p"D5/, 
3609.808 15 27694.43 3.8*P3/,—4p*P3/, 
3604.401 18 27735.98 38 4Ps/.—4p "Ds, 
3594.103 60 27815.45 384Ps/,—4p'*83/, 
3574.346 15 27969.19 38°Ps/,—4p°*P3/, 
3138.715 2 31850.98 384Ps/.—5p*Dz, 
2969.35 x 33667.55 , 
| 2967.28 2 33691.09 


mately compensated for, using the spectral sensitivity curves given in EASTMAN Kopak 
catalogue (12). All intensities have been reduced to the same brilliancy of the light 
source, viz. 0.3 amp. with 400 volts across the tube and the same He-pressure, 
and to the same exposure time of 3 hours. The measured intensity ratios of the 
Rowland ghosts and their parent line (see p. 234) combined with spectrograms of 
different exposure times have served as reference points for this intensity scale. A 
special intensity examination of some selected plates has been made, using a suitable 
illumination from a light box and a low power (X15) binocular microscope. For 
comparison the intensities of some lines from the He I and Ne I spectra are given 
in Table 4. 

For comparison Epiin’s (14) and the writer’s (33) earlier measurements are 
given in the third column of Table 5. The wave-numbers in the fourth column 
have been calculated from Kayser’s “Tabelle der Schwingungszahlen” (25). As 
regards the identifications in the fitth column it should be noted that levels without 
limit indication belong to the 3P limit. 


2. The vacuum range 1000—600 A 


The wave-lengths measured in the vacuum region are given in the first column of 
Table 6 (Plate VII, VIII). The majority of these wave-lengths represent mean values 
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Table 6. 


Wave-lengths of FI lines in the vacuum region. 
oe 


Jobs. Intensity Identification Veale. Acale. 
977.745 100 2 P1/.—38 *P3/, 102276.3 977.743 
976.505 40 2p*P3/,—38*P5/, 102495.8 976.508 
976.217 100 2p*Pi.— 3.84 Pi, 102436.3 976.217 
973.895 350 2p*P3),—3.8 *Ps/, 102680.5 973.895 
972.401 20 2*P3/.—38 "Pj, 102840.4 972.380 
958.524 500 2p*P1),—3 8 *P3/, 104326.9 958.525 
955.545 750 2p*P1/,—38*P1/, 104652.2 955.546 
954.825 1000 2p" P3,,—38"Ps/, 104731.1 954.826 
951.871 500 2p*Ps/,—38*P1/, 105056.3 951.870 
809.599 125 2p*P1/,—(*D) 3.8 *D3/, 123517.9 
806.964 150 2p? P3/.—(*D) 38 7D5/, 123921.3 
796.982 3 2p*P1)/,--484Ps/, 125473.2 796.983 
795.774 2 2p? P1),—48*P1), 125663.1 795.778 

2p*P1/,—48*P3/, 125878.5 794.417 

ea? a (See eee 125877.3 794.424 
793.237 1 2p*Ps),—48*P1), 126067.3 793.227 
792.536 10 2p*P1),—48 Py 126177.1 792.537 
791.875 12 2p? P3/.—48"P3/, 126282.6 791.875 
790.006 7 2p" Ps3/).—48*P1/, 126581.2 790.007 
782.976 5 2*P1/.—3d *D3/, 127718.6 782.971 
782.575 2 2p? P1/,—3d*D1/, 127780.9 782.590 
782.378 10 2p°P1/,—3d *D3/, 127815.7 782.376 
781.654 3 2p? P1),—3d‘*P1), 127934.6 781.649 
780.713 5 2p°P3/,—3d4*D>/, 128087.9 780.714 

f2p*P1/,—3d"P1, 128116.1 780.542 

UEME ae \2p?P1/,—3d *P2), 128119.2 780.523 
780.390 15 2p? Ps/,—3d D5), 128140.5 780.393 
780.134 1 2p? P3/,—3d ‘Di, 128185.0 780.122 
779.972 2 2p*Pi/.—3d ‘Fs, 128207.8 779.984 
779.910 5 2p? Ps/,—3d *D3/, 128219.9 779.910 
779.365 6 2p? P1),—3d*P3/, 128308.2 779.373 
779.192 2 2p*P3/,—3d * Pt). 128338.8 779.188 

{2p?Ps3),—3d?P1 128520.3 778.087 
ge 080 ° \2p?P2,—3d ‘Ps, 128523.3 778.069 

777.531 4 2p" P3,—3d ‘*F 3), 128612.0 777.533 
777.010 5 2p? Ps/,—3d Fs), 128697.9 777.013 
776.926 4 2p Ps,—3d°P3/, 128712.3 776.926 
755.603 2 2p*P1),—5 8 *P3/, 132340.9 755.625 

f2p?Ps,—5s*Ps/, 132595.5 754.173 

poaies = \2p?P1),—5 8 *Ps), 132594.3 754.180 
753.303 4 2p" P3/,—58*P3/, 132745.0 753.324 
752.884 4 2p *Pij,=bs Pt}, 132819.1 752.904 
751.861 4 2p*P3/,—58°P3/. 132998.4 751.889 
750.885 1 2p" P1/),—4d *D3/, Wsi7acc 750.901 
750.610 3 2p*P3,,—58*P1/, 133223-3 750.620 
750.418 1 2p? P1),—4d *P1), 133255.0 750.441 


251 


K. LIDEN, The arc spectrum of fluorine 


Table 6 (cont.). 


Aobs. Intensity | Identification Veale. | Reale. 

| 
748.946 3 2p °Pr),—4d Pay 133515.4 748.977 | 
748.709 z 2p" P1),—4d *F3/, 133567.3 748.686 
748.580 4 2° Ps/,—4d *D5/, 133583.6 748.595 | 
748.338 2 | 2 *P3/,—4d *Ds/, 133623.9 748.369 | 
748.134 1 2° Ps),—4d *P1/, 133659.2 748.172 | 
747.999 2 2p P1),—4d *P3}, 133687.2 748.015 
746.627 3 2p P3/,—4d 4 Fs), 133931.9 746.648 | 
746.400 1 | 2p*Ps),—4d *F 3}, 133971.4 746.428 | 
745.767 2 2p P3/,—4d °F), 134084.8 745.797 |} 
736.987 2 2p? P3/,—6 8 *P3/, 135685.3 737.000 | 
735.469 1 2p*P3/,—6 8 *P3/, 135966.4 735.476 | 

735.154 i aire emerane 136022.7 ee 

2° Ps),—5d *Ds| 136089.9 734.808 

108 ENS i | \2p2Ps,—5d* Ds), 136092.3 734.796 

734.642 1 (2p? Ps/,—5d *P1/, 136124.4 734.622 

along \2p?P3/,—5d "Ds, 136113.8 734.679 
(27 2Psj,—5d 1 Fs), 136434.9 732.950 | 
732.960 1 2p*Ps/,—5d *Ps/, 136426.8 732.994 | 
lop ?P3j,— 5d? Pr/y 136420.1 733.030 
682.581 2 2p" P1/,— (1D) 487Ds/, 146502.8 
680.709 2 2p" P3/,—(1D) 48 D5/, 146905.7 | 

Table 7. 


Precision measurements of some F'I lines. 


A: Measurements in the second order with H and Cull standards. 
B: Measurements in the first order with H and OI standards. 


| 

A Weighted Diff 
Term combination ee —| mean EDLiN Om Crna as 4 .) 

| 2p ("P3/,—" Pj.) 

A B value 

| ; 
2p? P1),—3s8*P3/, | 977.745 745 TAB 102276.16}) 
2p*Pij,—384Py, | 976.219 ey ity 102436.2,| 7 404.3, 
2 P3/,—3s*Ps/, | 973.898 .889 895 102680.4, || 
2*P1/,—38°P3, | 958.525 | .522 524 .528 | 104327.0, | 
2p*Py,—38* Pus 9955.45 | ~ 645 1 2.545005 5355 110465255 [404.16 
2p"Ps),—3s7Ps/, | 954.826 823 825 AS || OLB j 403.95 
29° P3,;—3a "Pin >} 951870 I ASi8e We srl ee beer 105056.2; | | 


obtained from 2 to 4 spectrograms. The results of precision measurements of 21 977— 
951 against H, OI and Cu II standards are given in Table 7 (Plate VII). The uncer- 
tainty of these wave-lengths probably does not exceed 0.003 A. AA 809—806 were 
measured in the second order against the O II lines 22 83234 and some calculated 
F I wave-lengths and may be correct within +0.005 A. The accuracy of the observed 
wave-lengths of the other lines is estimated to be within 0.005—0.015 A. The in- 
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tensities in the second column of Table 6 are visual estimates from spectrograms 
of different exposure times. In the third column the limit notation is omitted for 
levels belonging to the (3P) limit. 

The wave-numbers, veaic, in the fourth column of Table 6 are derived from the 
term values (see Table 12, p. 260) and the Acaic in the fifth column are the reciprocals 
of these calculated wave-numbers. These calculated values should have an un- 


certainty less than 0.3 cm or about 0.002 A, and may be recommended as standards 
in the vacuum region. 


V. The structure of the are spectrum 


Theoretical structure. The energy levels of F I may be derived by adding an 
electron to the lowest states of F II, 2s? 2p43P,1D,18. The F I levels in LS-symbols 
thus obtained are given in Table 8. The main features of FI are the single low- 
lying ground term 2s? 2° ?P and the higher term groups of 2s? 24 nl, n = 3, going 
to three different limits °P, 1D, 4S. From a comparison with other F I-like spectra 
the term 2s 2p* 2S and most of the terms based on the limits 1D and 18 can be pre- 
dicted to lie above the first ionization limit 3P. 


Table 8. 
Theoretical terms of FI. 
Peon | esr mw sey alas EOmlES 
configuration | 
| 
285 2 2p° | 2p? 
2s 2p* oS 


Limits 


| De Dye Ie BE? Yl AD Dis 22 pass! 
| 
2872p'ns(n=3) | ‘PR 2p 2D 29 
2s? 9 4n (n > 3) | 47° 4p? 49° 27° 2p? 250 2770 27° 2p0 2pe 
2e%2p!ndin=3) |4F 4D ‘Pp | *P %p 2p 2q °F 2D 2P gs 2D 
28s" 2p*nf(n = 4) 4q° 4779 47° 2q0 2 Fo 27° 277° 2@o 2770 27© 2 Po 2 Ge 27 
etc. 


The (P) levels. From the electron configurations p* ns, np, nd, and nf arise 
5, 13, 17, and 18 energy level series respectively. The deviations from LS-coupling 
were evident already from the work of DineLE on the 3s and 3p-levels (10) and of 
Epién on the 3d-levels (14). In the latter case 16 3d-levels were observed but the 
combinations were not sufficient for an unambiguous determination of the J-values 
for all of them. In the present investigation it has been possible to identify many 
new 3p—3d lines, especially combinations with the 3p-levels 2S, ?P, and 4S which 
fall in the spectral range 9500—11 500 A not previously observed. The 17th level 
is obtained from several combinations and J-values have been uniquely assigned 
to all levels. The 4d- and 5d-groups have also been completely analysed and trans- 
itions from all the 17 levels observed. 4»), has been observed up to 8d. 
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Fig. 4. Centroid diagram of the (*P) nd series of F I. 


The nd-levels arrange themselves in three distinct subgroups associated with 
the three fine-structure components of the limit *P (Fig. 4). The coupling is there- 
fore close to a type of Jj-coupling. Nevertheless it has seemed worth while to give 
the levels ZS-symbols to indicate the chief constituent in their composition. This 
has been done chiefly on the basis of the intensities of the transitions 3p—3d. 
There is a marked similarity between the combining properties of the higher nd- 
levels and those of the 3d-levels. 


254 


ARKIV FOR FYSIK. Bd 1 nr 9 


Table 9. 


The Ritz formulae for selected nd-series in F I. 
,,,,... 


n d4F o,f t= 0.022383 olin df Fr), £4= 0.031201 | p42, (@=0.027050 
| \ B= —7.002 x 10-7 9 4 2721g— 9.590 x 10-7 (2 ¢ 42\ B= 7.972% 10-7 
Tn (calc) Tobs — Teale Tn (cale) Tobs— Teale Tn (calc) Tobs— Teale 
3 12305.36 +0.01 12009.75 | 0.00 | 11999.16 0.00 
4 6918.93 |~ —0.04 | 6601.53 | —0.10 |- 6592.68 +0.01 
5 4423.42 +0.02 4095.26 | +011 | 4089.70 —0.05 
6 3068/83. | 0:01 2735.28 | +0.15 27374 | + 0.048 
7 2252.84 | +002 | | | 
8 1723.71 —0.16 | 
A d‘D _f4= 0.038311 e A {a=0.033524 jj {a=0.025907 
na ON B= — 4,741 x 10-7 Pe PF) B= 3.176 10-7 2 4 P21 B= — 0.410 x 10-7 
3 12460.40 | 0.00 | 12436.68 | 0.00 12401.79 0.00 
4 6980.01 |  —0.05 | 6967.03 | +004 | 6947.10 | 0.00 
5 4453.62 | 0.00 | 4446.30 —0.04 | 4434.66 | —0.22 
6 3096.03 0,0 240.07 V1. S3081:51 —0.05 3074.58 |  -+0.01 
2 pry), $4= 0.021961 2, §4=0.028051 | g2 pa), (2= 0.024721 
np? Pe) g=_ 6,780 x 10-7 @* 2%) g—— 10.430 10-7/2 2 P%2\ p= —1.175x10=7 
3 12304.14 | 0.00 | 11826.61 0.00 12384.02 | 0.00 
4 6917.99 | 0.00 | 6439.75 0.00 6941.10 | —O.17 
5 4422.85 | 0.00 | 3940.05 —0.14 4432.17 |  +0.09 
6 3068.47 | +0.01 | 2583.06 +0,09 3073.07 |  -+0.09 
7 2952.60" |) =0.10 4 


An examination of the fractional parts, n—n*, of the Rydberg denominators 
of the nd-levels shows that several series closely obey the Ritz formula, n — n* = 
=a+fT, as may be seen from Table 9. This is specially true for levels with high 
J-values. Other levels, notably 2Ds),,, depart markedly from a Ritz formula. The 
fine structure intervals of the 3P limit are taken from EDLEN’s measurements of 
the resonance lines of F IT (13) with an experimental uncertainty of about 0.3— 
0.5 cm}. The series calculations just mentioned indicate that the interval ?P,—*P, 
might be 0.5 cm too large. Since, however, an accurate determination of the 
correction meets with difficulties, EnL&Nn’s values have been retained. 

The constants a and f in the Ritz formula have been calculated also for the levels 
not contained in Table 9, using the 3d- and 4d-levels only. The complete set of a 
and f for the 17 series shows an interesting feature. The series may be unambigu- 
ously arranged in pairs, the two members in each pair having almost identical values 
of a and f (Table 10). The J-values of each of the two members of a pair differ by 
one unit and the a, f-set of the single level *P:);, separates distinctly from the other 
sets. These facts prove that the coupling of the d-electron may be close to the Jyl- 
or pair-coupling (Jt is the J-value of the ion), theoretically treated by Racan (46) 
and used by Epién for the rare gases (18). In the Jil-coupling scheme the total 
angular momentum J; of the parent ion and the orbital moment l of the external 
electron are coupled together and have a resultant K. K is coupled with the spin 
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Table 10. 


The constants a and f of the Ritz formulae for the series (*P) nd in F I. 


of this electron and their resultant is J. It is convenient to designate the levels in 
J,l-coupling by giving the K-value of the pairs. For instance, the Jyl-symbol for 


(3P,) 3d 4Fs), may be written (?P,) 3d [4]»/,. 


Kach one of the difterent d-series can be unambiguously assigned to one ot the 


three components of the ?P limit (Fig. 4). SHmnsTone (52) observed an analogous . 


behaviour in the 3d® 4s ns series of Cu I and claimed that this was the only complex 
series known at that time in which the individual series could be assigned to indi- 


vidual components of a limit with greater multiplicity than two. 

Only the 3p-group of the contiguration (?P) np was known before. From combi- - 
nations with 3s in the region 4000—3500 A the 4-group has now been completely ’ 
analysed. The fairly good ZS-coupling of 3 has partly disappeared in 4p. Changes: 
in the interval ratios and a decreasing total spread of the 13 levels make it possible ' 


to assign each one of these levels to a particular component of the limit. The lines: 


) 


of 3s 4*P—4p *4P are surprisingly faint compared with the strong 3s 4P—3p 4P’ 
combinations. Of higher p-levels, only 5p 4D:, has been observed. 

In the (?P) ns group the 5s-levels were previously analysed by the author (23) 4 
From combinations in the infrared region 9970—11 560 A and in the vacuum re-- 
gion, the 4s-levels have now been determined. The 6s-levels have also been obtained | 


Table 11. 
The Ritz formula for (?P) ns 4Ps;, in FI. 
eh eiCael27893 
ns° Ps \B— 4-7.438X 10-7 
n | Tn (calc) Tobs— Teale 
3 | 38071.1 + 47.7 
4 14886.90 = 0109 
5 7928.97 + 0.03 
6 4920.57 + 0.08 
i 3349.71 | == Ooi 
8 2426.90 = ON 


tS See 10" 1) eee by a Bx107 || 

symbol | symbol ‘ P | symbol symbol 
| | 

4 Fo), (?P.)[4]}/, | 0.0224 —7.00 || *F ry, (Cee Bilge 0.0312 — 9.59 | 
ri WC Ps) (4g | 00220 —6.78 || “Fs, (?P1) [3}5/2 0.0271 =o 
‘Die CPs iains 0.0383 —4.74 || 4 Ps), @P,) [2}5/. 0.0174 | — 7.44 9) 
‘Dy, | (Pa) (3/2 0.0335 —3.18 || 4s), (Gene 0.0145 | — 5.69 
IDS MW (Cn) PIA 0.0247 —1.18 | ERY), CP) (1k) 0.0348 | —13.38 | 
2D! \\) (Psy (2 Re ole 10.0259 =O41)) “Pus (SEX ue 0.0380 | —15.67 | 
* D3» (?P2) (1/2 0.0105 +2.62 || 2Fo/, (°Po) [2 5/e 0.0281 —10.43 4 
aDiys (®Po) [1}/2 0.0122 + 4.64 “Pai, (2Po) [215/. 0.0260 | —10.21 | 
1Pi), (Ps) [O}/, | 0.0058 | —5.43 || . 
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from. transitions in the visible region. 4Ps), is observed up to 8s. The 3s-intervals 
indicate good LS-coupling but it may be pointed out that the intercombinations 
2p >P—3s *P are fairly strong. The positions of higher s-levels agree well with the 
theory for intermediate coupling discussed in the previous paper (33). If the levels 
*Ps,, *Pr,, and *Px, of 4s and 4Ps,, 4Ps,, and 2P1, of 6s are selected to fit the 
curves exactly, the coupling parameter 7 becomes 0.909 for 4s and 4.95 (1/7 == 0.202) 
for 6s. *Ps), follows a Ritz formula very closely, except for the lowest member, 3s, 
which as usual shows a large deviation (Table 11). The mean values 1/2 [4Ps), +2Ps),] 
and 1/2 [*Py,+?P1),] also follow a Ritz formula while the individual components 
do not. The same relations were observed previously by Epiin in the analogous 
series of A ITI (15). 


The (D) and ('S) term systems. Eputy’s classification of some FI lines 
as combinations 3s—3p and 2p—3s of the (1D) system indicated that only the 3s- 
and 3p-levels were situated below the first ionization limit 3P,. Some levels above 
this hmit have now been observed. 4s 2Ds);, 2, were obtained from a transition to 
2p*P in the vacuum region. 3d and 4d G's, 7, have been determined from com- 
binations with 327. With LiF only in the discharge tube these lines are weaker 
than with SF,, contrary to other FI lines. The determination of the remaining 
(D) 3d-levels is difficult. The two lines 8612—8606 A, showing the same separation 
as 3p ?F, may be tentatively classified as (1D) 39—(1D) 3d transitions, but the inter- 
pretation of the high level is ditficult. 

The ?P term of the (1D) 3p-group is still unknown. The transitions (1D) 3s 2D— 
(1D) 3 ?P which should fall around 6800—7000 A probably coincide with some of 
the very intense (?P) 3s—(3P) 3 lines in this region. The corresponding combina- 
tions in Ne II and NalIII are fairly strong (7, 56). 

In the spectra of Ne II, Na III, and ClI (7, 56, 26) several transitions between 
the (?P)- and the (1))-systems have been identified. In F I, however, only the lines 
2p 2P—(!D) 3s?D are found, connecting the two systems with an uncertainty of 
about 1 cm. Two unidentified lines, 2967—2969 A, are observed in the region pre- 
dicted for the transitions (@P) 3s ?P—(1D) 3p 2P, but the (1D) 3p?P levels thus 
obtained do not give any observable combinations with (1D) 3s. 

In the hollow cathode light source the observed lines coming from levels above 
the ionization limit are perfectly sharp. The main conditions for autoionization 
- into the s- and d-continuum above the *P-limit are fulfilled and the non-appearance 
of this phenomenon must be explained from the different coupling conditions, viz. 
good LS-coupling for the (1D)-levels in contrast to Jyl-coupling for the (?P)-levels 
and their series continua. 

All levels of the (18)-system must be situated above the ionization limit and 
none of them is observed. 3s 2S1, has been extrapolated from the isoelectronic 
sequence Ne II, Na III, etc. 

In the previously mentioned investigation of the Stark effect in F I (32) a displaced 
line was observed, the field-free part of which coincided with FI 3s—3p 6239 A. 
It was identified as 3p 2Ds,—4d Z,. In the present extensive investigation this 
identification has been disproved and it has not been possible to identify the line 
with any FI combination. The interferometric examination of 26239 showed no 
components apart from the hfs pattern (Plate X). The background, however, was 
surprisingly strong. The interpretation of the line as a forbidden combination 3p — 
4f or 3p—D5p, induced by the field, is possible but not very likely. 
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Fig. 5. The quantum defect, n —n*, of the levels nd 4Fs/, (n = 3—8) and ns 4P5/, (n = 4—8) 
plotted against the level values. The vertical lines show the deviation of n —n* caused by a 
change of the limit by +0.2 cm. 


The series limit. The series limit of F I was previously known with an uncertainty 
of about 30 cm + (33). It has now been much more accurately determined from an 
examination of several series which closely obey a Ritz formula. The effective 


quantum numbers n* = VR/T have been calculated using the Rydberg constant 
for fluorine, RK = 109734.16 cm, and the limit was graphically determined by 
successive approximations of the term values Ty. The series nd 4s), with 6 members 
was selected to give the final value of the limit. As a result the previous value had 
to be corrected by —28.21 cm. The estimated accuracy of the determination is 
+ 0.1 cm™ as shown in Fig. 5, where the values of n—n* of the series nd 4F»), and 
ns *Ps, are plotted against the term values. 
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A very accurate value for the ionization potential is now obtained from the 
previously described precision measurements on the resonance lines 22 977—951 
(p. 252). The value 140524.5+0.4 cm™ results for the ground level 2p *Ps,. Using 
Brrex’s value of the conversion factor (12395 + 2) x 10-8 em x absvolt (4) the ioniza- 
tion potential of F I in volts becomes 17.418 + 0.003, the error entirely depending 
on the conversion factor. 

The new wave-length material has been used for a recalculation of the entire 
term system of FI. The result is given in Table 12. Term values calculated from 
interferometric wave-lengths are given to 0.001 cm. As mentioned above the 
uncertainty of the connection between the two systems built on (?P) and (4D) is 
about 1 cm ?. 


VI. Comparison with similar spectra 


The isoelectronic sequence FI, Ne II, Na lll, etc. The (?P) 3p-group of F I, 
Ne II (7), Na III (56), and Mg IV (partially) (54) has been analysed from the ob- 
served transitions 3s—3p and 3p—3d. A representation of these levels is given 
in Fig. 6, where AT/(N +6) is plotted against the atomic number. AT is the dif- 
ference between 4D;, and the other levels, calculated from their limits. NV is the 
order of the spectrum and the constant 6 is adapted to give parallel lines for the 
different levels. In this case 6 = — 0.42 is chosen. This type of diagram, suggested 
by EDLEN, is very convenient for extrapolations and studies of perturbations. Only 
the level ?Ps;, of Na III differs markedly from the regularity of the scheme. The 
same deviation is observed for (1D) 3p ?P of Na III. It may be pointed out that the 
splitting of the (#P) ?P term decreases with increasing N contrary to the regular- 
doublet law and the other term splittings. 

The analogous diagram of 3d does not show the same regular features, partly 
because of the large deviations from LS-coupling and the change in coupling of the 
3d-electron in FI, Ne II, etc. which makes the assignments of ZS-symbols un- 
certain. 


The first spectra of the halogens. The series (*P) ns and np of FI and ClI 
(26) seem to obey the same coupling conditions, while the large deviations of 7s 
and 6p in Br I (28, 30) require specia] examination outside the scope of this work. 

The nd-series of FI, Cl I, and BrI show a very different behaviour. The sub- 
groups in F'I due to the splitting of the °P-limit can not be distinguished in Cl I 
and Br I, although the (#P)-intervals are large, 299—697 (29) and 701—3139 cm? 
(47) respectively. In Cl I, however, from an extensive study of the Zeeman effect, 
GREEN and Lynn (22) found that the g-values indicated Jyl-coupling. Very likely 
the main coupling conditions are the same in Br I but strong perturbations complicate 
the analysis. 

The limit components of the (#P) nd-series of ClI were given by Kress and DE 
Bruin (27) using Hund’s scheme. It has been known for a long time (50), that 
Hund’s scheme for limit assignments is not reliable and has evidently led to wrong 
assignments in this case also. Thus, from the coupling between the J of the parent 

jon and the j of the d-electron it is clear that *P, gives the J-values 5/2, 3/2, while 
Kirss and pE Bruin give 3/2, 1/2. Moreover, they give three levels with J = 5/2 
as based on °P,, while only two are possible. 
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Fig. 6. The 3p-terms of FI, Ne II, NaIII and Mg IV. AT/(N — 0.42) is plotted against the } 
atomic number. AT = T — 4D7/,. N is the order of the spectrum. 


An intensity scheme for all observed transitions 3p—nd ot FI, Cll, and Br t | 
has been arranged. The strong components of the combinations 3p—nd 4F, 4D }) 
seem to show good mutual agreement between different elements and different m. | 
In FI the leading components of the combinations of the other nd-levels have || 
approximately the same relative intensities for different n, while in ClI and Br Tf | 
no such regularity exists. An extensive study of the nd-series of the heavier halogens , 
will be necessary before a reliable correlation of levels can be established. | 


Vit. The hyperfine structure 


As previously mentioned (p. 236) CAMPBELL 1933 (8) measured the hyperfine | 
structure of some FI lines and found that F!* had a nuclear spin of 1/2. With. 
the water-cooled hollow cathode used in the present investigation it has been | 
possible to reduce the line-width considerably and to measure the separated | 
hfs-components of 26 FI lines as compared to 8 lines in CAMPBELL’s paper. 
The decreased Doppler-broadening has permitted measurements of weak com- | 
ponents in some /fs-patterns and the use of etalons up to 25 mm. In tab. 13 | 
the measured line splittings are given together with CaMPBELL’s values. Some || 
incompletely resolved lines and their estimated structure are given in tab. 14. | 
The completely unresolved FI lines, also included in tab. 14, have the same: 
sharpness as the simultaneously excited Ne I lines (Plate IX). | 

The nuclear spin J and the total angular momentum J of the extranuclear : 
electrons are combined to the resultant F, the total angular momentum of the | 
whole atom. In FI with J =1/2 each level is a narrow doublet. For all 3s-. 
and 3~p-levels these doublet intervals are computed from the line splittings in 
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Table 13. 


Hyperfine structure of FI lines. 


If a line pattern is given with more than one interval in the third column 
the intervals follow in the order of increasing wave-number of the components. 
The interval between the strongest components is underlined. 

In the fifth column r and v denotes that the weaker component is situated 
on the red and violet side respectively. 


Structure, em~1 
A Combination ———-—______ 
CAMPBELL 
8737 3p ‘Ds),--3d *P5/, | 0.098 v 
8345 *Pij,— 4 Daly 0.181 r 
7898 4P3j,,— *Psj, | 0.133 Vv 
7800 38°P1/.—3p*Ds/, 0.090 r 
7607 *P3;,— ~ *Da/, 0.068 Vv 
7573 | Spi “Pan | Oa “PAP SOs r 
7552 4Ps) = 9 APs, 0.071 0.07* r 
7482 Tea Ip 0.089 ” r 
7425 Sess nmiei 0.067 0.06* Vv 
0.108 
7398 | 4P5,— *Pdj, 0.154 0.161 V 
| | 0.101 | \ 
{ 0.138 Vv 
7331 4P5)/,— “IER \. 0.124 0.144 = 
0.105 * e 
7311 / ? P3).— 281), 0.128 0.135 V 
7037 * Psj,— *P 2), 0.110 ~ 0.2* V 
6966 2 P3/.— ‘Pip 0.126 : v 
6909 4Pij,—  *Day, 0.054 0.04% r 
6902 | 384P2/,—3p*Ds/, ee 0.08* | r 
Le r 
6856 Phy sae ele, | O00 le wleip 4 cans Vv 
Se | 
[ 0.106 | r 
6773 4Ps,— 4Da/, i 0.151 | 0.155 Vv 
0.097 | | Vv 
6762 (1D)3 s*Ds/.—('D) 3p? D5), | 0.127 ot | Vv 
6708 | 38*Ps/,—3p*D3/, 0.205 | 0.231 Vv 
6690 Ph ‘Ds, 0.136 | ee r 
6650 1 D3/. 0.105 eh r 
6569 4P5),— Day 0.084 pel row Vv 
6239 Webi (S8e | 0.269 | 0.267 Vv 
6133 3p" Ds),—4d*F7/, 0.156 Vv 
5994 3p*Ps/,—5 8 *P5/, 0.097 | r 


1 The components of 2 7311 have theoretically the relative intensities 5:2: 1. The value 
0.128 is measured for the separation between the component 5 and the centre of gravity of 


the components 2 and 1. 
* CAMPBELL: not fully resolved. 
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Table 14. 


F I lines with no observable hfs or with observed but not clearly resolved hfs. | 


A Combination oe ee | see Table 13 | | 
8807 3p*Ds/,—3d Fy 0.07 v | 
8777 * 8 Dse= Fs 0.07 Vv | 
8040 3.8?P3/,—3p*Db/, 0.05 Vv 
7754 2Ps,— *Do/, broad ? 

7514 St eg none 
7489 2Pi,,— *S1/, none 
7202 *Piy,— *P3f, small iv | 
7127 Spi Bae small r? 
6870 4Pij,— 4Dij, 0.03 r 

6834 4Ps,— 4Da/y none 

6795 4P3p— — * Diy none 

6413 4Pij,— *S3}, none 

6348 38s‘4Ps3/),—3p*S3/, none 


tab. 13. When necessary the centre of gravity of unresolved hf s-components 
has been calculated from the theoretical intensity ratios (57). CAMPBELL did 
not observe any complete hypermultiplet and based his calculations on the 
assumption that the splitting of 3p 48s, was negligible. Now all components 
of the hypermultiplets 3s 4Ps,—3 4Ps,, —4Ps,, —4*Dz,, and —4Ds, have been 
measured and the doublet interval of 3s4Ps, found to be 0.259 cm. The 
calculation of the intervals of the other levels in the (*P)-system is then based | 
on this value. CAMPBELL’s values agree surprisingly well with those now obtained 


(Pabaglo): 
Table 15. 


The hyperfine structure of FI levels. 


| | | | 
| Level Av em-1 CAMPBELL | Level | Av em-l CAMPBELL 
: | 
] | 
38 VP le | +0.006 | — small | 3p*S3/, —0.011 | small | 
P3), 40.153. 8 e2014) ‘Py, ah | 
F : 
‘Pt, —0.005 | +0.02 || aie. + 0.121 +0.14 | 
Po), [0084 e005 1 ase +0.105 0.125 ae 
P5/, 0.259 -L0.27 | 
te .7 ‘Diy, £0035.) Se2008 
58'Ps/, | +0.202 4D3/, +0.054 | +0.04 
ee -|-—— a | *D5/2 +0108 | +0139 
3p 7S), | +0.043 small *D1/, + 0.208 +0.25 
2 Pr), | +0,040 | Line. ae J ak : 
Pa), +0.052 | oe So 
\\ 4 
| 2D), +0.102 +011 | sa soe 
| * D5, (ae ee Osta a +018 | 4Ds/, +0.147 
| ||  4¢4F), | +0.020 
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In the (1D)-system hyperfine structure has been observed only for the line 
38 ?Ds),—3 p Ds), (Plate X). From comparison with the splitting of (®P) 3 p 2Ds), 
it is probable that this structure is mainly due to the level (1D) 392Ds5,. The 
lines 38 ?Ds),—3p 2Ds,, 2F's, and 3s 2Ds,—3p 2F2, show no observable structure. 

The Afs separation of some 3d-, 4d- and 5s-levels is also measured. The 
large splitting of 3d 4Ds, is remarkable as well as the considerable separation 
of 5s 4Ps;,. These observations indicate that the coupling between the nuclear 
spin and the electron group 2p‘ contributes more to the hyperfine structure 
separations than the ns or np electrons with n= 3. 
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Description of Plates I—X 


Plates I, VI b, VIII b, IX and X are obtained with an enlarger with a 25 watt concentrated 
arc lamp as light source and a Sonnar 1:2 with antireflection coatings as projection lens. 


Spectrograms obtained with a hollow cathode and a 6.5 m grating spectrograph in 
Wadsworth mounting: 


I. CN band / 4216, 2. order (disp. 3.7 A/mm); carbon are, exposure 3 min on Ilford | 


thin film half-tone plate; slit 0.008 mm. (X 35) 
Il. F I 11600—9900 A, 1. order; SF, + Li+ He + Ne, 0.75 amp.; exposure 15 hours on | 
Eastman I Z hypersens; slit 0.030 mm. (X27) 
III. F I 9900—9300 A, 1. order; exposure 10 hours on Eastman I M hypersens. 
a. SF, + Li+ He + Ne, 0.7 amp.; slit 0.025 mm. (X 2.7) 
b. LiF + He (the last 20 min. Ne was used as filling-gas and the slit shortened); slit 
0.030 mm. ( X 2.7) 
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IV. F I 8350—7850 A, 1. order; Eastman I N hypersens. 


a. SF, + Li+ He, 0.3 amp., 30 min; slit 0.020 mm. (X 2.7) 
b. SF, + Li+ Ne + He, 0.5 amp., 20 min; slit 0.023 mm. (X 2.7) 

V. F I 5750—5150 A, 1. order; Eastman 103a C; slit 0.020 mm. 
a. SF, + Li+ He, 0.2 amp., exposure 3.5 hours. (X 2.7) 
b. Lif + He, 0.3 amp., exposure 3 hours. ° (*2.7) 
VI. a. F I 6500—5900 A, 1. order; SF, + i+ He, 0.2 amp., exposure 15 min on East- 
man 108a C; slit 0.020 mm. (X 2.7) 
be Bet 3750—3550 A, 1. order; SF, + Li+ He, 0.13 amp., exposure 45 min on East- 
man 1038a O; slit 0.020 mm. (X 5.9) 


Spectrograms obtained with hollow cathode and 1.5 m grazing incidence vacuum 


spectrograph: 


VII. a. F I 977951 A, 1. order; Lif + He, 0.2 amp., exposure 5 min on Ilford Q 2; slit 


0.003 mm. (X 7.3) 
b. F I 977—951 A, 2. order; hollow cathode lined with copper foil, Ilford Q 1; slit 
0.0035 mm. 
1. He, 0.6 amp., exposure 45 min. 
2. SF, + He, 0.3 amp., exposure 45 min. (X 7.4) 
VIII. a. F I 809—680 A, 1. order; LiF + He, 0.5 amp., exposure 1.5 hours on Ilford Q 2; 
slit 0.003 mm. (X 5.3) 


b. F I 2»—3d from the previous plate, enlarged x 14.4. 


Spectrograms obtained with a Fabry-Perot interferometer and a stigmatic 6.5 m 
grating spectrograph: 


IX. a. F I 6773—6909 A, 1. order; 10 mm etalon. SF, + He, 0.09 amp., exposure 20 min 
on Eastman 103a F; Heliar f = 24 cm. (X 3.6) 

b. F I 7398—7607 A, 1. order; 10 mm etalon. SF, + He, 0.2 amp., exposure 60 min 

on Eastman I N hypersens; Heliar f = 24 cm. (X 3.6) 


X. Selected F I lines from different spectrograms obtained with 10, 15 and 25 mm etalons. 
15 and 25 mm etalons were combined with a Tessar, f= 60 cm and the 10 mm 
etalon with a Heliar, f = 24 cm. (xX 4.2) 
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Errata 


Page 230, line 3: for (26, 27), read (26, 27, 28). 
» 234, line 2: for »by SHENSTON®T», read »in the theory of the concave grating». 
» 236, line 11: for Cul/CulII, read Cu II/Cu I. 
» 238, »2. The vacuum region», line 8: for CI... Nell, read OL... Nel. 
» 239, table 2, read: 


n v r | 
3 97492.553 1025.7223 
6 | 106632.427 937.8035 
i | 107440.713 930.7483 
8) 108324.992 Py 923.1504 


» 241, > 10064.25: for 3p 7S4,, read 3p 7S1,. 
» 253, table 8: last line, omit 2,8°. 
» 255, table 9: 
nd 2 Dri. for 3086.03, read 3085.96 
nd *D3)_ 5 » 4434.66, » 4434.88 
nd ?Fs5,, » 3940.05, » 3940.19 
» » 2583.06, » 2582.97 
» 260, table 12. The values of the ground term should read: 
28% 2p AP i 140120.4 
—404 1 
2P 3), 140524.5 
» 263, table 13, A 7898: for 3d ?Ps,, read 3d 7Fs),. 
» » A 7800: » 0.090, » 0.098. 


» 264, table 15, 3p 4P1,: for + 0.050, read —0.050. 
es » 3d *Psx,, —0.016, read 3d ?Fs,, —0.012. 
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